A FORTRAN IV computer code for the micromechanics, macromechanics, and laminate analysis of multilayered fiber composite structural compo-,H nents is described. The code can be used either individually or as a rH vO *?
INTRODUCTION
Multilayered filamentary composites are structural materials which have evolved in recent years. These composites are constructed by laminating several plies (layers). The plies, in turn, consist of high strength filaments which are embedded in a low strength, low density (for nonmetallic matrices) matrix material while the matrix is in its molten state. Subsequently, the system is processed at specified pressures and temperatures. The result is a very light (for nonmetallic matrix composites), high strength material. Its strength depends on the orientation of the filaments with respect to the direction of the maximum anticipated stress. Coincidence of the filaments with the direction of maximum stress utilizes this material most efficiently and gives it its most attractive features, stiffness and strength to weight ratio.
Multilayered filamentary composites as structural materials have exhibited great potential in space vehicles, deep submergence vessels, radomes, and other structures where the stiffness and strength to weight ratio, nonmagnetic, structural damping, elevated temperature, and environmental resistant properties are important. The underlying structural strength principle for these materials is that the filaments are the primary load carrying members while the matrix provides the structural integrity by serving as a load transferring medium, providing rigidity (keeping the filaments fixed in their position), and protecting the fila-ments from exposure to unfavorable environment.
Though multilayered filamentary composites have many desirable design features, as a structural material they are at the dawn of their great potential. One of the factors that keeps these composite materials at the dawn of their great potential is the designer's lack of proven and readily available mathematical formalisms which could be used to select constituent materials when the structural application of the composite is specified. These types of mathematical formalisms constitute a multilevel analysis encompassing the following levels: micromechanics, macromechanics, combined-stress strength functions, laminate analysis, and delamination criteria. This type of multilevel analysis is quite extensive and cumbersome. It needs to be transformed into an efficient computer code to be effective and practical.
A FORTRAN IV computerized multilevel analysis for multilayered fiber composites which has grown to maturity over the past several years is the subject of this paper. This multilevel analysis includes all the levels mentioned previously. It has been extensively used for analyzing several fiber composite systems. The computer code is described herein from the engineer's/analyst's usage viewpoint. Therefore, the description is limited to input/output, results produced and application versatility.
The complete documentation of the code is given in [1] . Several of the mathematical functions programed are described briefly as part of the code output.
OBTAINING AND USING THE CODE
The mechanics required to use this code for the analysis of multilayered fiber composites are described in some detail. Here, it is assumed that the user is interested in using the code as a tool only and that he has available to him a FORTRAN IV manual.
The physical representation of the code is illustrated in Fig. 1 .
The geometry of the constituents, the ply, and the composite are defined in this figure. The required input properties, correlation coefficients, and computed properties are summarized in Fig. 1 in symbolic form.
The physical arrangement of the code is illustrated in Fig. 2 . The numbers given in each block of cards are for subsequent discussion and do not appear on the code. Four steps are required to use the code in the user's computer facility:
(1) Obtain the code.
(2) Make it operational in the user's computer facility. 
Obtain the Code
The code can be obtained in cards or tape from [2] . If this is not convenient or possible, then the cards can be punched from the compiled listing appended in [1] .
Make It Operational
Making the program operational requires the availability of a FORTRAN compiler in the user's computer facility, certain control cards at the beginning of the code, and the card that preceeds each subroutine. Consult your computer group about these items. The control cards present in the code are only for the Lewis IBM 7044/7094 direct couple system. Once the deck of cards has been assembled as is shown in Fig. 2 (except Input Data) with the proper control cards, the user is ready to compile the code in his facility. The compilation will indicate whether any additional modifications are needed. Most modifications will be minor and will usually deal with certain logical and subroutine call statements peculiar to each compiler. Consult your computer group for these modifications.
Supply the Input Data
The physical arrangement of the input data cards is illustrated in Fig. 3 . The numbers in the group of cards are for identification purposes in this description and do not appear on the cards. A sample input data sheet is illustrated in Table 1 for the Thornel-50/epoxy composite system.
Listings of input data for several composite systems are appended in fl]. These systems are shown graphically in Fig. 4 . The input data for these systems can be punched from the listings, and the cards that need alterations for the specific problem can be modified accordingly.
Input data for additional composite systems may be easily prepared. This is done by selecting a related system from those available and modifying those entries that need modification.
After the input data have been properly assembled (as is shown in Fig. 3) , it is placed in its physical position (Fig. 2) , and the code is ready to be run for results.
Input Ply Properties
There could be cases when the user would prefer to supply some of his own ply properties instead of using the code to compute them. The user has to provide his own formats for these cases. The physical location for these statements is described in the section MAIN PROGRAM. A flow chart of the MAIN PROGRAM is shown in Fig. 5 . The functions of the subroutines are listed in Table 2 .
OUTPUT AND MATHEMATICAL RELATIONS
The program output consists of printing out (1) the input data, (2) the composite three-dimension strain-stress and stress-strain relations about the structural axes (see Fig. 6 ), (3) the composite properties generated in array PC, (4) the composite constitutive equations about the structural axes, (5) the reduced bending and axial stiffness, PC (1) PC (2) PC ( A sample output for a Thornel-50/epoxy angle ply composite is given in Table 3 .
CODE APPLICATIONS
This computerized multilevel analysis has been applied extensively to various aspects of fiber composite analysis, design, and optimization.
Typical cases include: nonmetallic [3, 4, 5] and metallic [6] fiber composite characterization, random composite characterization [7] , lamination residual stresses [8, 9, 10] , buckling of fiber composite anisotropic plates 
IMMEDIATE EXTENSIONS
The code can be readily modified and supplemented to handle nonlinear material response, temperature dependent properties, inter, and intraply hybrid fiber composites. The details of these modifications become apparent once the user has some experience in using the code.
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-0. Figured. -Ply orientation geometry. Composite structural axes, x,y,Z; composite material axes, 1,2,3; ply material axes (coincides with fiber direction, lj,2j,3j).
